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to	 explore	 inter-observer	 agreement	 in	 classifying	 crackles	 and	 wheezes	 within	 and	 between	
subgroups	of	four	observers.			





Conclusions:	 The	 kappa	 values	 we	 observed	 in	 our	 study	 ranged	 widely	 but,	 when	 addressing	 its	
limitations,	we	find	the	method	of	recording	and	presenting	lung	sounds	with	spectrograms	sufficient	





such	 as	 wheezes	 and	 crackles,	 are	 helpful	 in	 the	 diagnosis	 of	 several	 lung	 and	 heart	 related	





to	patients	with	a	 stethoscope.	Clinicians	working	 in	 the	same	hospital	department	have	 rated	 the	
sounds	 in	 these	 studies	making	 the	 sample	 homogeneous	 and	 applicability	 of	 the	 results	may	 be	




Studies	 of	 inter-observer	 agreement	 using	 lung	 sound	 recordings,	 rather	 than	 traditional	
auscultation,	may	 be	 a	 good	 alternative.[15-17]	 Recorded	 sounds	may	 be	 presented	with	 a	 visual	
display,	and	creating	spectrograms	of	lung	sounds	is	already	an	option	in	the	software	of	electronic	
stethoscopes.	 Recording	 and	 visual	 display	 of	 lung	 sounds	 may	 be	 applied	 in	 large	 samples	 and	
classifications	of	the	sounds	may	be	repeated.	 	However	we	still	do	not	know	the	reliability	of	such	
classifications.		





In	 August	 -	 October	 2014	 we	 conducted	 a	 cross	 sectional	 study	 to	 explore	 agreement	 in	 the	
classification	of	lung	sounds.	In	order	to	obtain	material	to	classify,	we	recruited	a	convenience	sample	
of	 20	 subjects	 aged	 40	 years	 or	 older.	We	 took	 contact	with	 a	 rehabilitation	 program	 in	 northern	
Norway	for	patients	with	heart	and	lung	related	diseases	(lung	cancer,	COPD,	heart	failure,	etc.).	We	
got	permission	to	hold	a	presentation	about	lung	sounds	and	at	the	end	of	the	presentation	we	invited	












(Sennheiser	 electronic	GmbH,	Wedemark,	Germany)	 placed	 in	 the	 tube	of	 a	 stethoscope	 Littmann	














One	 researcher	 (HM)	 selected	 the	 sections	 with	 less	 noise	 according	 to	 his	 acoustic	 perception.	




selected	 spectrograms,	where	 an	 indicator	 bar	 follows	 the	 sound,	were	made	 from	 the	 computer	
screen	using	Camtasia	 Studio	 8	 software	 (TechSmith	Corporation.	Okemos	MI,	USA).	We	 compiled	
these	120	videos	of	lung	sounds	in	a	Power	Point	presentation	(Microsoft	Corporation,	Redmond	WA,	





















with	 wheezes.	 The	 raters	 were	 free	 to	 play	 the	 videos	 (containing	 the	 sound	 recording	 and	 the	
spectrogram	simultaneously)	several	times	and	to	go	back	and	forth	through	the	cases	ad	libitum.	We	
used	 English	 language	 in	 the	 presentation	 of	 the	 videos	 and	 the	 survey	 forms.	 In	 Russia	 and	 the	







and	 crackles	 disregarding	 the	 breathing	 phase.	We	 used	 the	 statistical	 software	 “R”,	 version	 3.2.1	
together	with	the	package	“multiagree”	for	the	statistical	analysis	of	kappa	statistics.[21]		
In	order	to	permit	the	comparison	of	the	agreement	levels	between	and	within	groups,	within	











groups	 of	 observers	when	 classifying	 120	 sound	 files	 for	 the	 presence	 of	 crackles	 and	wheezes.	GP=	General	
Practitioners.	
	 Prevalence	 P(agree)	 KAPPA	 SE(KAPPA)	 95%	CI	
Crackles	 	 	 	 	 	
Experts	 0.21	 0.86	 0.56	 0.080	 0.40;0.72	
GP	Norway	 0.23	 0.85	 0.58	 0.083	 0.42;0.74	
GP	Russia	 0.31	 0.65	 0.20	 0.051	 0.10;0.30	
GP	UK	 0.17	 0.87	 0.53	 0.089	 0.36;0.70	
GP	Netherlands	 0.17	 0.86	 0.49	 0.105	 0.28;0.70	
Students	 0.27	 0.76	 0.40	 0.086	 0.23;0.57	
Pulmonologists	 0.29	 0.74	 0.37	 0.082	 0.21;0.53	
Wheezes	 	 	 	 	 	
Experts	 0.079	 0.96	 0.75	 0.125	 0.51;1	
GP	Norway	 0.083	 0.94	 0.62	 0.163	 0.30;0.94	
GP	Russia	 0.22	 0.69	 0.09	 0.076	 -0.06;0.24	
GP	UK	 0.065	 0.99	 0.97	 0.024	 0.92;1.00	
GP	Netherlands	 0.050	 0.94	 0.39	 0.087	 0.22;0.56	
Students	 0.073	 0.95	 0.66	 0.042	 0.58;0.74	
Pulmonologists	 0.14	 0.82	 0.27	 0.102	 0.07;0.47	
All	 the	 28	 observers	 independently	 classified	 the	 120	 recordings.	 According	 to	 the	 experts’	
































This	 finding	 argues	 for	 a	 general	 understanding	 across	 groups	 about	 how	 to	 classify	 crackles	 and	
wheezes	with	some	groups	encountering	greater	difficulty	in	uniform	classification.		
We	found	the	highest	 levels	of	agreement	within	the	experts	and	some	groups	of	GPs.	GPs	
might	 be	 more	 familiar	 to	 the	 use	 of	 lungs	 auscultation,	 since	 information	 from	 chest	 imaging,	





represent	 recommended	 use	 of	 terminology,	 and	 comparison	 with	 their	 classifications	 may	 be	
enlightening,	although	they	were	not	used	as	a	reference	standard.	























the	 prevalence	 of	 crackles	 and	 wheezes	 were	 21%	 and	 7.9%,	 respectively.	 However,	 much	 lower	
prevalence	 of	 adventitious	 lung	 sounds	 could	 be	 found	 in	 real	 epidemiological	 data.	 Accordingly,	
specific	measures	should	be	implemented	when	using	this	method	in	epidemiological	studies	in	order	
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